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Tests  vvere cDnducted on E n t a p e r e 6  c o n s t a n t - s p a n  
win;s o f  3",  30°,  kfj', and 60° sweepback. Tke purp3se 
of t h e s e  t e s t s  was t o  i n v e s t i g a t e  t;?le e f f e c t  Qf swee7bncX 
on s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s .  

b l l i t y  a t  modera te  l i f t  c o e f f i c i e n t s  f o r  t h e  !+5Q and 60' 
sweqt-back wings .  TPie l a t e r a l  s t a b i l i t y ,  t h e  s l o 2 e  o f  
t h e  l i f b  c u r v e ,  and t h e  e f f e c t i v e n e s s  of t h e  d i l e r 2 n  and 
the  s n l i t  f l a p  a t  srriall ansles 3i' a t t a c k  v d r i e d  n i t h  
an,-lc o f  stveepback about  t i 3  much ds l i o c l d  be exFec ted  
f r m  s i n n l e  tkx .o re t ; ch l  cons i2e ru t io i : s .  h p 3 i l e r s  :#ere 
much l e s s  e f f e c t i v e  tkan woL:lr; b e  Inchca te6 .  by simple 
t h e  7r-y.  

~ 1 1  t i le s n e n t  '.iin,s . i i t l i  i l ~ * n s  J i e L b t r d l  r e a c h z d  d 
m;ixf:nii,;, n l u e  of' abauc  Le3 e f f  ~ c t i v e  r t i k . s c l r a l  dt so::ie 
l i f t  c o e f f  i c i e r i t .  IX-ooping tlie v r i l i ; ;  ti?s- clecreksee t l ie 
s l ~ p e  o f  r o l l i n g - m 2 n e n t  Cilrve _ j l o t t e d  a i n s t  angle ~f 
yaw. Recaicsc t h e  r e d u c t i 9 n  increased v v i  th i n c r e a s e  i n  
l i f t  c o e f f i c i e n t ,  d roov ing  t:,e t i p 3  h : , p t . l r ed  t:, be a 
p r m i s l n z  :!icans of r e ? u c i n L  t h e  iinfaTJoraD1c l d t e r a l  sca- 
b i l i  b - r  c h d r h c t e r l s t i c s  of  :;in,-;s w i t h  l a r g e  s;fee:7back. 

T%e 4 h t a  showed. l a r g e  changes i n  l o n g i t u d i n a l  s t u -  

/ 

T h e  ailerons were c a p b l e  of tr imming oL;t t:ie r o l l f n t ;  
moment caused  by only snall ang1.cs a? s i d e s l i p  :gr t n e  1 )  

hichl;. swe!it-bac!c w i n g s ,  The small ch&in;e i n  > i t c h i n g ,  
r n q  ?elit caused  by a i l e r o n  .!eflect,ion m r ' i c a t e d  t ha t  ivving- 
t i p  elevators hav ing  swept-back hin,;a l i n e s  woLlc4 be  
r e l a t i v e l y  i n e f f e c t i v e  on n i g k l y  swe;)t-bacli winSs.  

The maxirnu;,i l i f t  .;itti f 18-13 neu trsl remained  &bou t  
t h e  s a r e  f 2 r  all a n g l e s  of swee;>back. The incre: ,c .nt  of 
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maxlml j l f l  l l f t  caksed  by t h e  s p l i t - f  l a p  d e f l e c t i o n  decre i i sed  
with anz le  of sweepback t o  a p p r o x i m a t e l y  0 for t h e  
603 swept-back wing. - _  

TNTRODTJCTIOG 

:\'uch i n t e r l e s t  has been sI;ova i n  t h e  p o s s i b i l i t y  o f  
u s i n g  vin,-s i'iith l a r g e  a n o u n t s  o f  swee?bzck for high- 
speed  x i s s i l e s  and a i r c r & f  t .  , ina lyses  p r e s e n t e d  i n  ref e r -  
ences  1 an6 2 show t h a t  t i ie  l i f t  on a swept-back wing 
d e p n r i s  p r i m a r i l y  on  the coxponent  of v e l o c i t y  normal  t o  
t h e  win, l e a d i n g  edge .  Re fe rence  5 shows t h a t  t h i s  cozpo- 
n e n t  o f  v e l o c i t y  a l s o  i s  ;1 inost i r L p o r t a n t  f a c t o r  i n  de te r - '  
m in ing  c o m p r e s s i b i l i t y  e f f e c t s  and Doin t s  o u t  t h a t ,  f r o a  
c g n s i d e r a t i o n  o f  c o r c p r e s s i b i l i t y ,  t i ie c r i t i c a l  f l i , ;-ht  Mach 
number of a swept-back fling s h o u l d  be h i t h e r  t h a n  t h a t  o f  
an unswept injing. Tn 3 r d e r  t o  min i l i i ze  t h e  a d v e r s e  e f f e c t s  
o f  c o m n r e s s i b i l i t y  a t  n i g h  Idackl n w b e r s ,  t h e  a n g l e  o f  
sweep sLrould be such  t h s t  t h e  co,nnoiient o f  v e l o c i t y  normal  
t o  t h e  l e a d i n g  ediTe ?Des n o t  exceed  t h z t  c o r r e s p 3 n d i n g  t o  
t h e  c r l t i c a l  Nach nunber  9f th6 a i r i ' o i l  3 e c t i o n s .  

S i n c e  v e r y  l i t t l e  ta a r e  a v a i l a b l e  o n  wings h a v i n g  
an(;Ies (Jf sweep g r e a t e r  t h a n  fu', t e s t s  o f  an e x I i i o r a t a r y  
n a t u r e  were made o f  x i n g s  k a v i n g  m, ; les  c?!' swcfr';:',>jck 
o f  00, 300 ,  1-50, and 6 3 ' ) .  T h e s e  tc i5 t .s  ;vel.... :nU&c. in the 
6- b y 6 - f o o t  t e s t  s e c t i o n  of  t h e  Langley s t a ' r , i i i t y  t u n n e l  
t o  i n v e s t i d a t e  a t  lovr speeds  the 3 t a I : ' i l i t y  a d  c * J n t r o l  
c l i z r a c t e r i s t i c s  o f  swept-back .?;ini:L;s The e f ' f e c t  10:' 

sweepback on t h e  e f f e c t i v e n e s s  o f  an aileron, a s;sl i t  
fla?, (ind a s ? o i l e r  nas I n v e s t i s a t e d  for eacii  s?J!eepback 
an,;le t e s t e d .  The e f f s c t  o f  a &.mope?. tip w a s  i n v e s t i -  
g a t e d  f o r  the 4 5 O  swept-back vjing,, an3 the  e f f e c t  o f  
i n c r e a s e d  a s p e c t  rc l t io   as i q v e s t i g a t e d  for t h e  0" and 
L+5O swept-back wings e 

Although t h e s e  t e s t s  were made a t  low a i r s o e e d s ,  the 
d a t a  a r e  a l s o  o f  impor t ance  i n  a n p l i c a t l o n  t o  t r a n s o n i c  
speed  b e c a u s e ,  as  p o i n t e d  o u t  i n  r e f e r e n c e  3 ,  i f  t h e  
wings are des igned  w i t h  p r o p e r  sweep, the v i h d  will have 
t h e  same c h a r a c t e r i s t i c s  as a t  s u b c r i t i c a l  s2eed .  
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The data  tire r e f e r r e d  t o  t h e  s t a b i l i t y  a x e s ,  uhicn 
a r e  a syster? o f  axes hav ing  t h e i r  o r i g i n  a t  t h e  quarter 
chord  of  t h e  mean a e r o d y n a i i c  chord  and i n  which  t h e  
Z-axis is i n  t h e  p l a n e  o f  symmetry and p e r F e n d i c u l a r  t o  
t h e  r c l a t i v e  wind, the X-axis i s  i n  the a l a n e  o f  symmetry 
and  y e r p e n d i c u l a r  t o  t h e  Z - a x i s ,  and the Y-axis is perFen-  
d i c u l a r  t o  t h e  :) lane qf s y m e t r y .  ~ l l  rnoinents a r e  g i v e n  
about, t h e  q u a r t e r  chord o f  the  mean aerodgnax1c c h o r d .  

m a x i m u x  l i f t  , c o e f f i c i e n t  

L 

X 

Y 

L' 

M 

N 

l i f t  

l ~ ~ n g i t c a i n a l  f o r c e  , 

l a t e r a l  f o r c e  

r o l l i n g  moment abou t  X-axis 

p i t c h i n g  moment about Y-axis  

yawing monen t ab (2 u t  2 - ax 1 s 

(2) pitching-moment c o e f f i c i e n t  
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P 

V 

s: 
C 

- 
C 

b 

- 
X 

nitiss d e n s i t y  o f  air 

.f r e  e - s t r e iin? ve l o  c i t '3' 

wing a r e a  

mean Geonie t r i c  ch3rd  o f  . i i ng>  measured 2arallel 

span  of wing, measured n e r p e n d i c u l a r  t o  a x i s  of  
symmetry 

d i s t a n c e  from l e h d i n g  edge o f  r o o t  chord  t o  t h e  
q u a r t e r  chord  o f  the mean geometric chord  

X d i s t m c e  ,qf. t h e  q u a r t e r - c h o r d  goint o f  any  chord- 
wise  s e c t i o n  frorii t h e  l e a d i n g  edge o f  root 
s e c t i o n  

s l o p e  3f t h e  c u r v e  of, l i r t  c ( 3 e f f ' i c i e n t  n l o t t e d  

slope o f  t h e  c u r v e  of  rol l ing-moz?ent  c o e f f i c i e n t  

s l 3 p e  o f  t h e  cu rve  ~ f '  ya~vLn,-:l~r?ent m e f f i c i e n t  

s l o p e  o f  t h e  c u r v e  o f  ro l l ing-moment  c o e f f i c i e n t  

La 

L q l  

a g a i n s t  andlk  of a t t a c k  

p l o t t e d  a g a i n s t  a n g l e  of yaw 

p l o t t e d  a g a i n s t  a n g l e  , I f  yaw n\l, 

l b a  p l o t t e d  & g a i n s t  a i l e r o n  a n g l e  

C 

C 

a a n g l e  o f  a t t a c k ,  measured  i n  p l a n e  o f  symmetry, 
d e g r e e s  



9 a n g l e  o f  yaw, p q s l t i v e  when r i g h t  w i n g  i s  b a c k ,  
d e g r e e s  

A a n g l e  of  sweepback, d e g r e e s  

6 a  a i l e m n  d e f l e c t i o n ,  measured i n  8 p l a n e  pe rpen-  
d i c u l a r  t o  l e a d i n g  edge ,  deg rees  

flap d e f l e c t i o n ,  measured i n  a ? l a n e  pe rpenc j i cu la r  
t o  l e h d i n g  e d g e ,  d e g r e e s  

6f 

A a s p e c t  r a t i o  (b2/S)  

Ee e f f e c t i v e  e d g e - v e l o c i t y  c o r r e c t i o n  f 3 c t o r  f c r  
l i f t  ( r e f e r e n c e  4 )  

E ' ,  e f f e c t i v e  e d g e - v e l o c i t y  c o r r e c t i o n  f a c t o r  for 
r o l l i n g  moment ( r e f e r e n c e  4 ) 

r) a s p e c t - 1 - a t i o  cor : -ect ion f a c t a r  for l i f t  

n '  a s p e c t - r a t i o  c D r r e c t i o n  factor for rolling moment 

where s u b s c r i p t  0 r e f e r s  t o  unswei3t wings hav ing  t h e  
same wing-pans1 shape a s  t h e  swept-back a i n g s ,  hnd t h e  
s u b s c r i p t  1, = 0 r e f e r s  t o  t h e  win:; t e s t e d  w i t h  z e r o  
sweepback. 

APPARATUS AND i'il3DELS 

The p r e s e n t  t e s t s  were c9ndL;cted i n  t h e  6- by 6 - f o o t  
t e q t  s e c t i o n  gf t h e  Langley s t a b i l i t y  t u n n e l .  



I i; 

For' I X ~ S ~  o f  t h e  t e s t s  t he  t i i ?s  of t h e  wings Vvere 
t i g s  o f  r e v o l u t i o n ,  b u t  d r q o y e d  t i ; s  were h l s o  t e s t e ? ,  3 n  
tkie 1,>3 swc.'r,t-bacic , i n g .  
o f  t h e  -Jing t o  5? i n c h e s .  

?r'>(l >ec> ~1;;s i n c r e a s e e  tlie suan  
( S e e  f i t a s .  1 ai(? 2(a).) 

The mo6el  ,vas x o u n t e d  an t he  L ; l r ee - s t r l ? t  s u p p o r t  hn6 
b e c a u s e  t h e  m e l e - o f - a t t h c l c  s k i n 2  L'or ; n , l e s  of sseepbdclr 
o f  3 0 ,  1,5O, and 600 \bas lon;, a cr3ss bar was r e q u i r e d  
t o  f u r n i s h  a d d i t i o n a l  r i g i d i t y  5 2  t,he i i ode l .  
fii;3. 2(a) and 2(b).) 

( S e e  
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All t h e  t e s t s  idere  rLn a t  CI d y ~ i ~ ? , , i c  p r e s s m e  ;I' 
59.7  pounes y e r  sLlu-re f o o t .  rLl:is v ~ l u e  c o r r e s p s n l s  t J  
a -1ach nunber  3f a b o ~ i t  0 .165 .  The Rcyn3lds nur ,ber  va r i e? ,  
f r a i l  abou t  990,000 t o  a b o u t  l,gEO,SOO because  t h e  cnord  
of the wing, measure?  p a r a l l e l  t o  t h e  axis Df s;.nt?letry, 
: V ~ S  a f u n c t i g n  o f  sweep. 

? o r  e a c h  o f  t h e  sv;ept-back o!Jings, t e s t s  were inade 

t o  26' 
sit Oo and f5'3 yam. For  e a c h  3f these 2rdW a n j l e s  t h e  
u n c o r r e c t e d  a n g l e  o f  a t t a c k  was varied frorn 
in 2'3 increrr lents .  For e a c h  a d l e  o f  sweepback, t e s t s  
were a l s o  made a t  oo and 100 an2,le iif a t t a c k  for v a r y i n g  

The a i l e m n  t e s t s  were rnade d r i t h  m i l e s  3f 0" and 
t l 5 O  d e f l e c t i o n  f o r  e a c h  sweepback angle .  The s p l i t  f lar ,  
t e s t e d  wcis s s t  a t  a d e f l e c t i a n  of  69;". In e a c h  cast:  t h e  
a n g l e s  of d e f l e c t i o n  were measured i n  a ulane p e r p e n e i c u l a r  
t o  t h e  leacl ing edge o f  t h e  wing .  

A l thoush  t h e  s p o i l e r  liei&t i n  i n c h e s  iirhs cons th i l t  
f o r  I J O S ~  o f  t h e  t e s t s ,  the  s p ~ i l e r  ~ c i . < h k  i n  f rc lc t ior i  D f  
chorr; wd,: noc c - j n s t a n t .  F ~ P  0" s ~ t i e p  t h e  spoiler d e f l e c -  
t i 9 n  was O . I O C ,  fQr  t h e  swe t - b a c k  wing tile s F o i l e r  
d e f l e c t i o n  Lvas O . O C ~ C ,  for t h e  c*3 swept-bhck v,iag the  
s n o i l e r  d e f l e c t i o n s  cestec7 were 0 . 3 3 5 ~  and  O.O'71c ,  and 
for tlle 6 3  ' swent-bdci: Y J ~ - ' I E ;  the 3 p o i  l c r  deflectj ?I: was 
0.025~. 

CORRECT TOMS 

A s t a t i c  c a l i b r a t i o n  o f  t h e  illode1 se tu r ,  was made and  
t h e  a n g u l a r  d e f l e c t i o n s  o f  t h e  rvodel ?,ue tq 7itchint ;  l,?ucls 
were 2e t e rmined .  The  d a t a  were c o r r e c t e d  f o r  t!,e changes  
i n  a n s l z  n f  a t t a c k  .caKs'ed by 3itcYiinG n , m t ? n t s .  Xo t a r e s  
were t a k e n  for the s u p p o r t  s t ru t s ,  an ; - - l e -L j f - a t t ack  s t i n g ,  
and c r o s s  bar. 

I 

S i n c e  nc, sy3tern;i t ic t unnd l  c o r r c c t i o n s  f o r  sweFt- 
b3ck bvYings Lave been  i n v e s t i & t e t i ,  a?pr?ximbte  c o r r e c -  
t i 3 n s  f o r  t u n n s l - , j a l l  e f f e c t  ,Jere uTJp l i ed  t o  t h e  6rag a n d  
r q l l i n g - r o p i e n t  c 3 e f f i c i e n t . s  a n d  t o  the m u l e  31' ; I t t a c k .  
The f > ~ ~ ' : V ~ I I I ~ P  a:iyroxiirihte c o r r e c t i o n s  r e r e  a p p l i e d :  



where 

6, 

s 
C 

C L t  

C %  

I: 

t h e  boundary c o r r e c t i o n  f 'hctop o b t u i n e d  from 

wing & r e a  

r e f e r e n c e  5 

t u n n e l  c r o s s - s e c t i o n a l  a r e a ,  36 s- jukre f e e t  

un co rr e c t e d 1 i f  t co ef f i e? e n  t 

u n c o r r e c t e d  ro l l ing-mo:nent  c o e f f i c i e n t  

a c o r r e c t i o n  f a c t o r  fm1: r e f e r e n c e  6 c o r r e c t e d  
for a p p l i c a t i o n  t3 t h s e  t e s t s  b y  t a k i n g  i n t o  
hccqunt  the ckian > e s  7: rrlsrle1 ;Ind t u n n e l  s i z e  

The f3110v/ iAlg  t a L l e  d,.ivts ~ ~ 1 ~ ~ 2 3  o f  the  c o r r e c t i o n  
f a c t o r s  u s e d  f o r  each c)f t h e  s4:ci-lt-back flings: 

1'Jo c o r r e c t i o n s  were a p p l i e d  t s  the h t a  t o  t a k e  i n t o  
a c c o u n t  t h e  t u n n e l - w a l l  e f f e c t  r3n t h e  :tiode1 a t  l a r g e  yaw 
a n g l e s  when t h e  win$ t i p s  were v e r y  close.to t h e  t u n n e l  
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r" 1- Llie b h s i c  dh ta  obta ine :d  frorfi t h s e  t e s t s  a r e  p r e s e n t e d  
i n  f i g u r e s .  3 to 35 and an i ndex  o f  t h e s e  f i g u r e s  is g i v e n  
i n  t s b l e  I.. S+me r e s u l t s  a r e  s c m m r i z e d  and c m p q r e d  with 
t h e o r e t i c a l  results ir; f i p r e s  36 t 3  I.?. A cor-:-'.' ,,s.Jaris,>ri ril" the 
d a t a  of f i g u r e s  3 to 35 inc ' ica i tes  T; 3 i f f e r m r c s  b=etwsea t h e  
c h a y a c t e r i s t ;  c s  o f  a w i n s  with no s i iec?back  and wings ; l i t i i  
l a r g e  m o u n t s  of sneepback .  Tnese di.ff e r e n c e s  & r e  
p a r t i c u l a r l y  i13 t i c e a b l e  fo r  the v a r i s t i a n  of' l i f t ,  ? i t c h i a g  
m m e n t , '  and. r o l l i n g  molr,ent n i t h  an,jit; af a t t a c k .  

-. 

P l a i n  wings.-  ?'he d e c r e a s e  i n  ~ ? ~ e  s l o p e  o f  t h e  lift 
curve  with sweepback and a s p e c t  ratio i s  shown i n  
f i g u r e  5 6  n i t h  an e s t i m a t e d  c u r v e .  

ria133 was a p p r o x i m a t e l y  independen t  of t n e  ,anC;le o f  
sweepback, b u t  t h e  ang,le 9: a t t a c k  at : I iaximum l i f t  v a r i e d  
n e h r l y  i n v e r s e l y  as t h e  c o s i n e  o f  t h e  &r,;le of' swee9back. 

The r , ia ; t imuq l i f t  c o e f f i c i e n t  3f t h e  win,s u i t h o u t  

The sha;3e ~f the c u r v e s  01' l i f r ;  a d  p i t ' c h i n g  moment 
9f the  niL,'nly swLpt-back wings as a f u n c t i o n  3?' m q l e  3f 
a t t a c k  ai'e d e c i d e Z l y  n o n l i r i e a r  ( f i g s .  3(a), lO(a), 
hnd l ' ( a ) ) .  The "JinU iiith GO3 s , ieepback h t  a b o u t  CL= 0.3  
and t h e  x ing  with k53 sweepback h t  abou t  CL = 0.75 s h o ~  
an  i n c r e a s e  ih t h e  s l o p e  of t h e  l i f t  curve  . m d  a d i v i n g  
tehdei icy,  i n d i c a t e d  by t h e  sucleen chance in s l o p e  o f  t h e  
D i t  chin;. -K m e n  t c u r  ve . 
2.n PncreasB i n  l o a d  b t  t h e  t i ? s ,  g o s s i b l g  acco:-irmnied by 
a re.-i:varcl sh i f t '  o f  tke c e n t e r  of w e s s x e  a t  each s e c t i o i i .  
T u f t  o b s e r v a t i 2 n  a t  t h l s  a t t i t u d e  i n c i i c a t e s  t h e  air f l g w  
t 2  oe rJu& and. nearly : ?ara l le l  t o  t h e  wing l e a d i n g  ecge  
n e s r  t h e  r o o t  and c e n t e r  n h r t s  of  t h e  w i n k .  dt higher 
a n g l e s  o f  ut taclc  t h e  e x p e c t e d  t i p - s t a i l i n k ;  t endency  \>f 
swe:Jt-back viinzs mas e n c g u n t e r e d ;  t h l s  t endency  i s  i n d i -  - c a t e d  by  t h e  rqund ing  of the lift curve ,  by the u n s t a b l e  
s l o p e  of t h e  ? i t ch ing -monen t  c u r v e ,  and by l a r g e  increases 
i n  .. drag;. The l o n g i t u d i n a l - f a r c e  c o e f f i c i e n t  n e a r  Cj+= 

i s  a t  l e a s t  5 tinyes as g r e a t  for t h a  idin;  with sweep- 
back as  fg r  t h e  u n s x e p t  $ding (fE.;s. S ( b )  and 27(b)). Ti12 

-The s '3 ckiaxib c t e r i s t i c s i 11 c7 i c a t  e 



The a d v e r s e  e f f e c t s  3n 1 9 n g ~ t l L < h & l  s t a b i l i t y  Qf 
Flai l1  wings caused  by l a r g e  a t c o m t s  o f '  s-ieepback .arei 
s h a m  by  t h e  cu rves  of a e r o c . p a - . i c  c:e:it?r ;ts a f u n c t i o n  
of l i f t  c o e f f i c i e n t  ( f i g .  3 7 ) .  ~ h z  curves  f2r t h e  i 5 "  
and 600 swept-bEick wings i n d i c a t e  t n a t  f u r t k e r  i n v e s t i -  
g a t i g n  i s  n e c e s s a r y  i n  qr i rer  t3 find ways o f  r e 6 u c i x g  
t h e  l a r g e  n e u t r a l - p o i n t  s h i f t s  sh?wn by t h e s e  d a t a .  

Tile l i f t  o f  t h e  uns;vept :;iiigs decreased , ? a r k e d l y  
when yawed, b u t  as t h e  m g l e  -?f s::.eepback i i as  i n c r e a s e d  
t h e  l i f t  remainec! n o r e  n e a r l y  c o n s t a n t  a s  t h e  wing was 
yawed. F12r t h e  60° swept-tack ,iiing t h e  l i f t  was n e a r l y  
independen t  o f  angle o f  y a ; ~  (fig. ?(a)). 

The r o l l i n c  nionent o f  t h e  swe;)t-back v,ings when 
yaxed i n c r e a s e d  n e a r l y  l i n c h r l y  ' ~ i t h  l i f t  c o e f f i c i e n t  i n  
t h e  d i r e c t i o n  t o  raist ;  the fsrlVdarc3 ;:in& u n t i l  t n e  c r i t i c a l  
l i f t  c o e f f i c i e n t s  :?rere r e a c h e d .  The i'or'warii ;fing appar- 
e n k l y  s t a l l e d  f i r s t  xhen yaxed a t   hi&^ l i f t  c s G f f i c i e n t s ,  
as i n d i c a t e d  by t h e  d e c r e a s c  i n  t h e  r o l l i n g  moment t h a t  
ten626 t o  r ' a i s e  t h e  fc?rward wing. ( m r  exar , r le ,  f ' i G .  3 ( c ) . )  

The r a t e  3f c b n g e  o f  r o l l f I I ~ ; - f l ? i ~ t ; I t  c a e f f  i c i b n t  
x i t h  a n p l e  of  yaw 

v a l u e  o f  C Q ,  'n2wever, i n c r e h s e r ?  a t  d i f i ' e r e n t  rate ; , i t k  

l i f t  c o e f f i c i e n t  f o r  ehch win<; t c s t e d .  iill t h e  swe3t-back 
wings with f la : )s  n e u t r h l  retrched a ira;CimL% v;\lue of  

J f  a b o u t  O.OO!,, : ;hich v a l u e  ix t e i v s  < ~ f  ti convenLional  

CQ, was s:?all hn.2 n e a r l y  t h e  sarne a t  
20113 l i f t  c o e f f i c i e n t  for a l l  .iin.,s t e s t e d  ( f i g .  3C). -. i ~ e  

Cz.? 
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T h e  d roopee  t i p s  t e s t e d  on  t h e  5° swept-back wing 
a c t e d  somev!hat as a l o a - a s n e c t - r s t i ?  s u r f h c e  j t i t h  n e g a t i v e  
d i h e d r a l  dn?  t h e r e b y  r e d u c e d  t h e  va lues  ~f C Z . ~  5:; d b i i ? U t  

0.9006 a t  CL 5 9 . 1  and  by abo:it C.dgi4- at CL 3 . 7  
(for ciroooed t i p  2 )  e ( S e e  f 16. 12( c ) . )  The u n f a v o r a b l e  
l a t e r a l - s t a b i l i t y  c h a r a c t e r i s k i c s  of h i n g s  v:ith l a r g e  
sw&e?bac?c can  b e  r educed  bgr tne  u s e  o f  a drooped  t i p  
becausk  t i l e  ' ? m > p e e  t i p  decreased.  CI?;. i n  ; , r o F ? r t i 3 n  t i  
an  i n c i * e a s a  i n  C L .  

The s i ? e  f o r c e  and yawin?, *-'ioments ck.,aii,e r a n i d l y  and  
i r r e g u l a r l y  when t h e   win^ i s  yawed a t  l i f t  c o e f f i c i e n t s  
g r e a t e r  t h a n  t h e  c r i t i c a l  vh l i les  -:;hen t h e  d i v i n g  mo:i!ent 
o c c u r s .  A t  small l i f t  c Q e f f i c i , e n t s  tine d i r e c t i D n a l - - s t u -  
b i l i t y  Cn,,, i s  s r L a l l  b u t  f a v o r a b l e ;  e x c e p t  f o r  t h e  

6 0 ~  swept-back itring at n e g a t i v e '  Ci, tn i i  i n c r e a s e s  as 
s o n e  w w e r  g r e a t e r  t h a n  t h e  f i r s t  ;soaer  o f  t h e  absolute - 
value of  t h e  l i f t  c o e f f i c i e n t ;  t h i s  i n c r e a s e  i n d i c a t e s  
t k - a t  t h e  *yairiing n m e n t  i s  caused  m a i n l y  by t h e  d i f f e r e n c e s  
i n  drag of  t h e  t-uo s i d e s  of t n e  win2 uken yawed. The 
? m o p e d  t i n s  i n c r e a s e d  t h e  d i r e c t i o n d l  s t a b i l i t y  of' t l ie  
win2 with 1~5" sweepback a t  small l i f t  c o e f f i c i e n t s  b u t  
hac? no a p n r e c i a b l e  e f f e c t  a t  l a r d e  l i f t  c o e f f i c i e n t s  
( f i g .  1 2 ( c ) ) .  

Ailerons.- The e f f e c t i v e n e s s  o f  a ha l f ' - span  0 . 2 0 ~  
a i l e r o n  on  e a c h  o f  t h e  v a r i o u s  wings t e s t e d  i s  inc i i ca t ed  
i n  fiLwre 40 b y  t h e  s l o p e s  measured botvYeen f - l ro  a i l c r 9 n  
d e f l e c t i o n  for CL = 0 .2 .  S i m i l a r  v a r i a t i ( 3 n s  c a n  be 
expectec!  l ip t o  a l i f t  c o e f f i c i e n t  of 3 . 5 .  Tlie marked 
d e c r e a s e  i n  Z i l e r o n  e f f c c t i v e n e s s  wi th  svreepb;ck c a n b i n e d  



w i t h  t h e  nar l ted  i n c r e a s e  i n  27y+ i n d i c a t e s  t ha t  irYith 
h i & l y  swept-back wings t h e  a i l s r o n s  canno t  t r i m  o u t  the  
r q l l i n g  :uloi:ent caused  by l h r g e  m 6 1 6 s  o f  yaw. For e x a n n l e ,  
t h e s e  data i n d i c a t e  t ha t  303 t o t a l  a i l e r o n  a n g l e  w m l d  be  
c a n a b l e  of t r imming o n l y  2 0 ,  G o ,  90, ~ n d  52" a n g l e  of  yaw 
f o r  tlie 600, 1+5O, 30", and 03 swept-hLck wings,  r e s p e c -  
t i v e l y ,  a t  t h e  l i f t  c o e f f i c i e r t s  c o r r e s ; w n d i n g  t o  : i i ~ ~ i t l i w i  

C L ~  w i t h  f l a D s  n e u t r a l  ( f i g .  3 c )  a The c c r v e s  o f  
f i g u r e s  5 ( c ) ,  l 5 ( c ) <  L 2 ! ( c ) ,  an2  Z ~ ( C )  show t h a t  as t h e  
anGle o f  sweepback i s  i n c r e a s e d ,  t h e  a i l e i 7 0 n  o n  t h e  r e a r -  
w a r d  wing when yawed becomes p r o d r e s s i v e l y  l e s s  e f f e c t i v e  
i n  n roduc ing  r o l l i n g  colnent and t h e  c i l e r o n  on t h e  f o r m a r e  
wing b e c m e s  more e f f e c t i v e .  F 2 r  t h e  45O and 600 swept- 
bac!: i%inn,s t h a  a i l e r o n  on t h a  rearvvzrZ wing when yawed 
becomes r e l a t i v e l y  i . n e f f e c t i v e .  Upward d e f l e c t i o n  o f  t h e  
a i l e r o n  o n  e i t h e r  ~ i n g  a 7 p r e c i a b l y  r aGcces  t?ie s l o p e  ":,. 

Because C L ~  and C z 6 ,  d e c r e h s e  w i t h  i n c r e a s e s  i n  
swsep t h e  ?.anping i n  r o l l  c m l c ?  ais,, be  e x p e c t e d  t o  
d e c r e a s e .  The h i l e r o n s  t h e r e f a r e  :.lay b e  capab le  o f  x 3 -  
& c h g  s a t i s f u c c 3 r v  r a t e s  3f roll o n  YLickily swept-back 
wings . 

The s:nall cha:?g;e i n  : ) i t ch ing  moment caused  b y  h i l e r o n  
def l e c t f o n  i n d i c a t z s  that  w i n g - t i p  e lev t - i to rs  h a v i n g  swept- 
back  h inge  l i n e s  *im,uld b e  r @ l a t i v e l y  i n e f f e c t i v e  on  h i g h l y  
swept-back wings .  

Spo i l e r - s . -  The e f f e c t i v e n e s s ,  i n  prlnducing r o l l i n g  
moment, o f  n e a r l y  h a l f - s p a n  s p r J i l e r u  l o c a t e d  a t  0 . 7 ~  on  
t h e  u p p e r  s u r f a c e  Qf t h e  viing i s  s m l s r i z e d  i n  f i g u r e  41. 
F,r t h e  wing wit11 an  angle of svieepback o f  6 0 0 ,  t h e  
0 . 0 2 5 ~  s p o i l e r  produced r o l l i n g  ni.ment i n  the n rong  
d i r e c t i j n .  The i n e f ' f e c t i v e n a s s  o f  t h e  s p o i l e r  on t h e  
swept-back wings in proriucing r o l l i n g  moment i s  p r o b a b l y  
a s s o c i a t e d ' w i t h  a v e r y  t h i c k  boundary l a y e r  n e a r  t h e  t i p  
o f  t h e  h i @ l y  swept-back wings co;npared ihrith t h a t  of t h e  
unswept wing.  

The s p o i l e r  nroduced  c h d r a c t e r i s t i c s  s i inf lar  t o  
t h o s e  of t h e  a l l e r o n  w i t h  r e g o d .  tc, t k e  v a r i a t i o n  o f  
e f f e c t i v e n e s s  v!ith y&w; t h a t  i s ,  t h e  s p o i l e r  on t h e  h i g h l y  
swept-back winzs  was t o t a l l y  i n e f f e c t i v e  on t h e  r e a r w a r d  
x i n g  b u t  r;ore e r f ' e c t i v e  thbn a t  z e r o  yaw ::hen on the f ' D r -  
\"lard wing . 



The r a t h e r .  l i l rge  dncl f d - rorable  pwJ.ng. !norvents p a -  
duce? h-7 s n 2 i l t . r  d e f l e c t i o n  3ugge3L t h e  use o f  a s p o i l e r  
ds + d i r e c t i o n a l  c o n t r o l  a e v l c e .  K o l l l n d  m m e n t s  c a n  u e  
p roduce6  b y  s p o i l e r  a c t i 9 n  i n d i r e c t l y  by c a u s i n g  f 'avorsDle 
s i d e s  lip. 

S 7 l i t  flaps .- The e f f e c t i v e n e s :  o f  h a l f - s p a n  
9 . 2 0 ~  ;;91it f l z p s  d e f l e c t e d  i l l  c h a ; ~ g i , r ~  t k i e  l i f t  a t  
0" a n g l e  o f  s t t a c k  and i n  p 2 ~ . u c f n : - ;  L, an i nc remen t  i n  
niajrirmin 1i.f't i s  i n d i c a t e d  i n  f i g u r e  G2. The s s t i r a t e d  
c u r v e s  (dash62 c u r v e s  of f i g .  42) simv tha t  t h e  flap i s  
prociucing a b o u t  all t h e  inwernen t  in CL a t  O3 a n g l e  of 
att8.cl.c t h a t  can  be e x p e c t e d .  :The  f l a p  nrocjuced no i n c r e -  
merit in C h a ,  f o r  th5 wing with 6 P  s1r:eepbhck. I n  f a c t ,  
t h e  f l a p  may e v e n  7roduce  a decret ise  i n  C h h x  n o t  i n d i -  
c a t e d  b y  t h e , d a t a  n b t a i n e d .  
back  . i J i n g  w i t h o u t  f lan was n o t  o .b t&ined  because  o f  li;.nita- 
t i o n s  o f  t h e  a p p a r a t u s .  T h e  v a l u e  o f  CL st moderb te  
u n c l e s  o f  a t t a c k  was, however ,  a ? p r e c i a b l y  i n c r e a s e d  Sp 
d e f l e c t i o n  o f  t2iz s p l i t  f l a p s .  

i,:axirnum l i f t  o f  t h e  60" swept-  

For t h e  swent-I,ac!c v.ings, d e f l e c t i q n  g f  t h e  f l h p  d i d  
n o t  apprec i ;b lg  change t h e  v a l u e  of' C T , ~  dt sna l l  v h l u e s  
of  CL b u t  a t  !,i;k._ v a l u e s  Q f '  C L  t h e  vhlue  o f  C q ,  was 
changed c o n s i d e r a b l y .  fit l a r g e  v a l c e s  o f  CL t h e  3ne 
vh lue  o b t a i n e d  :v i t l i  f l t *p  d e f l e c t e d  and  the  a i n g  a t  a p p r o x i -  
m a t e l y  11" a n s l e  of a t t a c k  i n d i c a t e d  v a l d e s  o f  '229 
o f  O . O O l l $  for t h e  30" ;In? 0.3055 f o r  the  45O and  the 
600 swept-back*&:din$s ( f i g .  3s). 

On t h e  wing3 w i t h  ,"OD, 1(.5", and 60' sweepback t h e  
s p l i t  f l a p  t e s t e d  n a s  n e a r l p  s e l f  t r i m , ! i n g  i n  D i t c h .  The 
s l o p e s  of t h e  pi tching-momant  cu rve  thy3ughout  t h e  l i f t  
r a n g e  were n o t  a p p r e c i a b l y  a l t e r e a  by  d e f l e c t i o n  of t i le  
s p l i t  f laz,. 

t e e  c h s r a c t e r i s t i c s  .- The si:lb71s c o n c e p t s  ------ 
sixggesterli $ 1 1  rci'.c;.:.rnce 1 kicive Seen used  t? e s t i m a t e  
c e r t a i n  ckiai.uc> . e l  L z  t i c s  of t h e  9swept-T)ack %wings f ron -che 
measurAecJ cl;Lir,,r L P : . ~  3 r,Ics of  the unsweyit wing.  These 
c o n c e n t s  j:?volJc +Yc d s s u n p t i o n  tha t  changes i n  sweep- 
back  ali,,le, ~ b t u i r i e d  hy p i v o t i n g  tl2e sen . i spm o f  a g i v 6 n  
wing ahouG an axi-s i n  t l ie  plzine of' 'symmetry, a f f e c t  7;he 
loading o v e r  e a c h  s e i i i s p a n  o n l y  i n s o f a r  as sweep a f f e c t s  
t h e  c o i ~ p o n e n t s  3f v e l o c i t y  n o m a 1  t o  the l e a d i n g  edge and 



t h e  an;les o f  a t t a c k  of  t h e s e  v e 1 o c ; t y  c9,r:ponents w i t k L  
r e s n e c t  t o  t h e  p l a n e s  of t h e  win,: sernis.sans. ; ,hen t h e  
wink;s a r e  swept  back in t h e  :Tarme? i n d i c a t e d  ( t h a t  i s ,  
t h e  a r e a s  o f  t h e  wing 3 a n e l s  a n d  t n e  s:Jan n e a s u r e d  p a r a l l o l  
t?  t h e  l e a d i n g  edge a r e  K a i n t a f n e d  const,ant ) , t h e  f ? l l ~ , i i n t ;  
c n i r a c t s r i s t i c s  & r e  i n d i c a t e d :  





c h a r a c t e r i s t i c s .  The i n c r e n e n t  o f  i - o l l i n g  mocient caused  
by spoiler d e f l e c t i o n  ( f i g .  41) d a c r e a s e d  much f a s t e r  
with sweep t h a n  t h e  e s t i n a t e d  c u r v e .  This v a r i a t i o n  i s  
p r o b a b l y  a t t r i b u t a S l e  t g  t h e  f a c t  tha t  t h e  boundary layer 
i s  c a r r i e d  toward t h e  t i p  as  t h e  sweepback i s  i n c r e a s e d  
and  a 1 s ~  t o  t!:e 2 e c r e a s e  i n  e f f e c t i v e  s w i l e r  d e f l e c t i o n  
:-iitn sweepback. 

By mc;ans o f  t h e  p r e v i o u s l y  d iscussec?  c o n c e ? t s ,  Betz  
( r e f e r e n c e  1) d e r i v e d  an e x p r e s s i o n  f o r  t h e  ro l l i ng -nornen t  
c o e f f i c i e n t  caused  by  s i d e s l i p  as  a f f e c t e d  b y  sweep. In 
Bet21 s a n a l y s i s ,  h’>vrevei-, t h e  t y p e  o f  swee? c o n s i d e r e d  
was one i n  which  t;ie lcacl ing edge r i f  t h e  swept wing bias 
m a i n t a i n e d  i n  6 h.3r izont ;a l  p l w e  r e g a r d l e s s  o f  t h e  a n g l e  
o f  a t t a c k  o f  t h e  wing. T h i s  t y p e  0:’ sweep r e p r e s e n t s  a 
c o n d i t i o n  i n  which t h e  a n g l e  between t h e  p l a n e s  of t h e  
l e f t  and  right senispan wings ( i i h e ? r a l  a n g l e )  v a r i e s  
with a n g l e  o f  a t tkc’x and does n o t  a2plg t h e r e f 9 r e  t o  t h e  
conf i g m a t i o n s  of t h e  wings c o n s i d e r e d  i n  t h e  p r e s e n t  
i n v e s t i g a t i o n  ( t h a t  i s ,  wings swept  in a m m n e r  s u c h  t h a t  
t h e  a n g l e  betvicen t h e  p l a n e s  o f  t h e  r i g h t  an6  l e f t  semispan 
winss  i s  rriaLntainecj a t  LGoO, 31: zer9 d i h e d r a l ,  r e g a r d l e s s  
o f  the a n g l e  o f  a t t a c k ) .  kn e q u a t i o n ,  based on  t h e  saxe  
s i m g l i f i e d  assumptEons ulade b y  Botz , ( r e f e r e n c e  l), has 
been  d e r i v e d  -to apply t o  t h e  n in . ss  ( s w e p t  i n  t h e  manner 
j u s t  d i scussec ! )  o f  t h e  p r e s e n t  i n v e s t i g a t i g n .  T h i s  equa- 
t i o n ,  which  gi-ves v a l u e s  of  Czo equal t o  one-half‘  t b s e  
o b t a i n e d  by n e t z ,  is  as  fo1lov:s: 

‘L t a n  A - C Z Q  - - - 
57.3 4 

The dashed curve  o f  ’ f i g u r e  39 was o b t t i n e d  by a d d i n g  
t? t h e  v a l u e  o f  & C Q / ~ C L  caused  b g ’ s v ~ e e p ,  ;;IS a e t e r m i n e d  
bg t h e  r e l a t i o n s h i p  <lust  g i v e n ,  t h e  e x p c r i m e n t a l  v a l u e  
of (dC ~ , , , , / d c ~ , ) ~ ~ - ~ .  - The a g r e e n c n t  between t h e  e x p e r i m e n t a l  
and  e s t i m a t e d  c u r v e s  i s  t ~ o o d  b i i t  ~ ~ : t i g  Le f Q r t u i t o u s  beckuse  
o f  t h e  a s sumqt ions  mbde i n  t h e  d e r i v a t i o n  of t h e  theo-  
r e t i c a l  r e l a t i o n s h i p .  

COnTCLUSIdiVS 

R e s u l t s  o f  t e s t s  i n  t h e  Langley s t a b i l i t y  t u n n e l  o f  
u n t a p e r e d  c o n s t a n t - s p a n  xirigs h ~ v i n g  a n c l e s  o f  sweepback 
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e .  S n q f l e r  e f f e c t i v e n e s s  i n  -7roducing r o l l i n g  moments 
decreasec? with sweepback n:uch f a s t e r  t han  be3uld be i n d i -  
c a t e d  bv t h e  zim3le t h e o r y .  Tl,e 1t.rge cind f a v 2 r a b l e  
yawing moments prqducec! by ciie s - o i l e r  in$’icated t l i a t  
s p o i l e r s  may be qf s3me u s e  i n  d i r e c t i o n a l  control. 
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- ITqDEX OF F I G V R E S  

lJoi?el c o n f i g u r a t i o n  

Plain wing 
buing -f- a i l e m n  
vking + aileron 
h i n g  + s g o i l e r  
Wing + s n o i l e r  

Yiing + s p l i t  flap 
' ; i ing + s p l i t  f l a p  

P l a i n  wing 
'iiiing + (?rooned t i p s  
biing + drooped t i p s  

P l a i n  wing 
Yiing + a i l e r o n  
Yiirig + a i l e r o n  
h i n s  + s p Q i l e r  
'h'ing + s p o i l e l -  
hfng + s p l i t  f l a g  
',;ing + s p l i i ;  flap 

P l a i n  wing 
.\.w:ing + a i l e r o n  
: , ing + a i l e r o n  
i v i n g  + spoiler 
!i8jing + s l j o i l e r  

'i,'ing + split flap 

P l a i n  x i n g  
Yin6 + aileron 
\ii.ng + a f l e r o n  
Wing + spoiler 
;ding + s p o i l e r  

Wing + s p l i t  flap 
Wing + s p l i t  f l a p  

? l a i n  wing 
P1ai.n wing 

.I.. 

1,. . 

1 -. 
~. , 

L . 1  . t in6  + s ~ l i t  flap 

. -  

,, . . 

l a t a  plotted 
a e a i n s  t 
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Fig. 16a-c 
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Fig. 18a-c N A C A  TN No. 1046 
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N A C A  TN No. 1046 F i g .  1 9 a - c  



Fig. 20a-c N A C A  TN No. 1046 
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Fig. 22a-c NACA TN N o .  1 0 4 6  
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Fig. 26a-c 
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Fig. 32a-c N A C A  TN No. 1046 
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Fig. 34a-c  NACA TN No. 1 0 4 6  
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